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AERONAUTICS 

. .  

Tests have been made i n  Langley tank no. I of a dynamic model 
of the ConsolTdated Vultee PE2Y-3 air?lane. These t e e t s  vkere nsde  
using 831 a l t e r n a t e  hull fwn, t h e  gurpose of whish %as t o  reduce 
the F.m s?ray and e l h i n a t e  the laudlng i n s t a b i l i t y  which a r e  objec t ion-  
able f e a t u r e s  o f  the Drodua t ion   de8 ip .  .The major differences from 
the  PB2Y-3 hull inc luded  a deeper stsn t o  improve the l a n d i n g   s t a b i l i t y ,  
and a lenqthened forebody and increased  ' b e a m  t o   r e d u c e   t h e  sway i n  
the Trccellers and  of^ the flaps. 

The t e s t s  shoKed 'khat the s?ray c h i a c t e r i s t i c s  of tk8 r ev i sed  
h u l l   f o r p  were xuch bet ter  than that ot t k e  produzt ion design. In 
a d d i t i o n   t h e  take-off and l snding  s t a k i l i t y  o f  the w.odel H i t h  t h e  
a l t e r n a t e  h u l l  were s a t i s f a c t o r y .  

IhTRODECTION 

The tests described i n  t h i s  r e p o r t  w e r e  d e  t o  d e t e m i n e  the 
hvdrosynamic c h a r a c t e r i s t i c s  of a ?rono.sed alternate form o f  hu l l  
f o r  the Consolidated Vultee FEY-3 a i rq l ane .  This h u l l  ' A ~ E  designed 
t o  eliminate t he  Eore objectionable lar-ding i n s t a b i l i t y   i n h e r e n t  Ln-' 
the production des ign  of  the afr~lane, t o  reduce the how smay; ahd 
t o  imDrove the take-off stability at  f o m w d  pcrsitions of +Le center 
of grav i ty .  

The major d i f f e r e n c e s  from the FE2Y-3 & i n l a n e  include a deeper 
s t e D  t o  improve the l a n d i n g   s t a b i l i t y ,  8 lengthened .forebody ard 
increased  bin t o  reduce the s?ray is the pro?e l le r   and  on the  flaps, . 
and a r.ore fom-ard a o s i t i o n  of t k e  s a i n  steD. The l ines  for the new 
h u l l  %or€ derivsd from 8 stremlins body of  r e v o l u t i o r .  



Tests of' a 1/8-size model  were inade to  determine the take-off 
and l a n d i n g   s t a b i l i t y   a n d   t h e   s p r a y   c h a r a c t e r i s t i o s  a t  gross loads 
corresponding t o  76,000, 86,000,and 96,000 pounds, f u l l  size. 
Cosparisons  are  made w i t h  similar r e s u l t s  f o r  a l/O-size nodel  o f  the 
twoduction  design  (Lanqley  tank r o d s 1  165) and  for  a l i b s i z e  model 
of the  produotion  design  with  increased.  length of h u l l  (Langley tank 
mode 1 1&k- I j . 

These t e s t s  were reques ted  by the Eureau o f  Aeror lau t ic~ ,  Navy 
DelsarCnent i n   t h e i r .   l e t t e r   t o  the Committee, Aer-E-23-FZ, C - 7 e 9 3 ,  
C-32183, WB2X-3/Fl3-l, C51!4& of Xarch 18, 1943, and were made i n  
Langley tan?.c no. 1 during Selsternker 1944. 

The model, designated i n  the  Langley  tank as niodel 16.1, is 
a 1/8-slze,  FoEered,  dynanic  model o f  a xr.odi.fied PEY-3 airplane. 
The ~ o d e l  w a s  designed and  oonstructed at tC6 Langley Iabora tory .  
Important d imens in-s  o f  t h e  model a re   g iven  j.3 Table I, togs ther  w i t h  
the dimensions of a subsequent   modif icat ion,   desigLated mode?. 161Li-1. 
Photograpbs of  models 161 and 161A-1 are sk0v.n h f i g u r e  1. A body 
??Ian of mode 1 161k- 1 i s  s h o m  i n  f i g w s  2. 

The dimensions of  a l/B-size model of  t h e , p r o d u c t i o n   d e s i w  of 
t h e  PE2Y-3 (model 165) and t hose   fo r  the same inode 1 with  lengthened 
h u l l  (modal 165~-1) are a l s o  included i n  t a b l e  I. h completc 
d e s c r i p t i o n  of t hese  models  is given in re ference  1. 

3odels  161 and 1 6 1 A - 1  are com:cared i n  f i g u r e  3,  smdels 16lS-1 
and 165 ic f i g u r e  4, models 161A-1. ana l ex -1  i n  fieurc 5, and 
models 1 6  and l & A - 1  in  f i p r s  6.  

The wing, oropel lsrs  and p r o p e l l e r  blsdc angle of m o d s l s  161 
a n d  16U-1 were the  same as  those of  noZe1 165. A single +ail  
arrangelrent w a s  used  instcad of t h e  tmfn t a i l  arrangement of 
t h e  PB2Y-3 . 

Aerodyu&ic tests.-  ' T b  bff'eckivc- thrust ??as mcasured af: oons tan t  
speed ~ 5 t h  t h e  model i n  the a i r  ak ts t r i m  0:: Oo. The e f f f c t i v c  t i i n s t  
o f  model 1dl.A-1 w i t h  ti r r o p e l l a r  bladt: a q l e  of 8 O  a t  3/4 r a d i u s  and 
an rpm of @09' is show! i n  figure 7 tog6thGr  vfith the sca.le thrust for 
the f u l l  size -F-E2Y-3. (See  refwmcc, 1.) 

"I.. ""1.* 
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The a e r o d p a m i o  l i f t  and mitahicz moxents a i t h  and a i t h o u t  power 
were measured x i t h  the m.odel i n  t h e  air a t  a h e i g h t  above t he  water 
s u f f i c i e n t   t o   a l l o w   c l e a r a r c e  a t  a + r i m  of 16'. The model wa'8 towed 
a t  a cons-t;ant m e e d  cf a?moximatelp 4cl Feet  m r  second.  Aerodpamio 
l i f t  and pitohicg-n&:ent c o e f f i c i e n t s  are r r e seu ted  in  figures E! and 9. 
The ? i t c h i n g  mments are r e f e r r e d  t o  8 location o f  the oen te r  of 
grav-ity o f . &  percent  mean aerodynm5o chord. The s t a b i l i z e r  w a s  
set -ti3 t o  the  base line. Aith t h i s   s e t t i n g  the aerodynamic  pitching- 
mcwent o a e f f i o i e n t s ,  with reu t ra l  elevators, aDproximated those of ' 

model 16, refereme 1. 

K y 3 r o d y i i c  tests.- The t r i m  a r d  t o t a l   r e s i s t a n c e   o f   n o d e l  16U-1, 
withoF2o.?er, 'v.m-e measured a t  ths design load, x i t h  tvuo & l e v a t o r  
s s t t t n g s ,  for speeds un t o  ta!-s-off. Tke t r i m  l ixtts of s t a b i l i t y  
w6re d6ter;nfned at; cons tan t  8 ~ 6 e d s  t o  take-off .  (The ' d e f i n i t i o n  of, 
and zethod f o r  de t e rmin ine   t hese  lhtits, are given in refersnce 2.) 

-I.- * 

The Ariation of trim wi th  s?erd during take-off  a t  va r ious  
n o s i t i o r a  of the c e n t e r  of S r a v i t y  whs ,determine-d a t  a. cons tan t  rate 
of a c c e l e r a t i o n  o f  I foot' rer seoond  Fer  'second. The t e s t s  were 
m d c  a t  three g ross  loads and threz d e f l e c t i o ~ s  of the e leva to r .  
T h e .  loads t e s t e d -  anT the aor r s snond ing   fu l l - s i ze  loads are given i n  
the  f o l l o w i n g  Lable: 
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D n i n g  ? r c l i r . i n a r y  tes ts  of  model 161, violeck  uxsr-1imi- t  
no rco l s ing  was encomtered .  I t  =as found  thz t  i f  the  r?or?oising w a s  
allowed t o  build up t o  a s u f t l c i e n t l y  k r g e  m n l i t u d e ,   t h e  n o d e l  
nor@oj.sed 'L%.kween the unrer  and lower t r i m  l i n i t s .  and  re2:overy tf 
use of the e l e v a t o r s  was no t  always p o s e i b l e .   m d e s i r a b l e  flow 
o f  water over the t a j l  ex tens ion  w . 6  noted 3cr ing lapdhss, ana at 
landing trias above E o  t h e  model snootmtered t h e  upper trim l i m i t  
and  9orpoissP. Ari increaee ir, t h e  depth  of- stea d id   no t   e l imina te  
t h e s e  m d e s i r a t l a  c h a r a c t e r i s t i c s  and f u r t h e r  tests on nodel  161 were 
discoQtiriued. The afterbody  and t a i l  ex teas ion  of model  161 were 
modif ied aqd pre l iminary  tests t o  determirre a sak i s f ao to ry   dec th  o f  
s tep  were made. The f i n a l   o o c f i g u r a t i o n ,  show i n   f i g u r e  1, was 
d e s i p . a t e d  as nodel 16U-1,. and conglete  t e s t s  were made w i t h   t h i s  
node 1. 

" " "". C11aracter is t ics .of  model 1;lA-1.- Photograghs  of the srray i n  
t h  y r o p e l b r s  o f  model - m T F 6 F  ' t h ree  gross, loads a r e  shorrn i n  
f i g w e  10. The speeds at which E n r a y  enters   and   2 : lears  the y r o m l l e r s  
for var ious  gross loads is s h o m  i-n f i g u r e  11. The sway cha rac t s r -  
i s t l s s  of t h a   r o d e l  were  considered t o  be . sa t i s fac tor3 ;  up t o  the 
h6aTiest  load tested-; v:kich corres?oads t o  a f u l l - s j z e  gross  load 
of 96,903 nounds. 

The variation of t r i m  w i t h  s?eed a t  t E r n e  gross   loads  ar,d t h e e  
e l e v a t o r   s e t t i n g s  n i t h  s e v e r a l   c a 8 t e r   - o f - g r a v i t y  locations fs shown 
in f igu re  12. The v a r i a t i o n .  of the mnaximuzr a m l k t u d e  of ?or?oising 
w i t h  ? o s i t i o n  o f  t h e  =enter of 'g rmi t ; .  f o r   t h 6   t h r e e  gross loads 
t e s t e d  i s  show i n   f i g u r e  13. The v a r i a t i o n  of t h e - r a n g e  of s t a b l e  
Doei t ions  the cen te r  of g r a v i t y   n i t h  ol~angs i n  gr3ss load i s  shom 
ifi f i g u r e  14. From t h i s  f i gure it can  be s 6 ~ n  that at a gross load of  
76,000 pounds, stable t a k e - o f f s   w i t h   n e u t r a l   e l e v a t o r s  7ner6 ?ossible 
a t  ?osi t ior?s  of  the   cen ter   o f  gravity a f t  of 24 percent  m 3 n  aero- 
d y w i c  chord,  and with up c l s v a t o r s  a t  T o s i t i o n s  of thE center  of 
qrauity forward o f  29 percent .  

Xociel 16U-1 was stable or. landinga and tine depth of s t 6 ~  was 
cons ide red   s a t i s f ac to ry   w i th   r ega rd  t o  b o t h   s t a b i l i t y  and re si  s tance.  
T2.e ti-& limits of s t a b i l i t y   f o r  model 16U-1 are F r e s e n t s d   i n  
figure 15. The r e s i s t a n c e  and trim of mod61 16lA-1 a t  t h e   d s s i g n  
load and a t  two e l e v a t o r   s e t t t n g s  are  p r e s e n t e d   i n  f i g u r e  16, together  
nith similar data f o r  model 1&6-1. 

.- "" A Cornnarfson o f  models 1616-1, 165 and 165X-1.- From okservat ion . 
and s tcdy   oT%hotograrhs  it ar;paars t h?  t the   s? ray   th rough  the   o rope l le rs  ""..".."-,".." 
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it CST be seen from figure 16 t h a t  a t  h u m  s?ee2 the- reEistances 
apd t r i m s  of mode Is l6U-1 and 165s- 3 are a?-rox%ately the sane. A t  

' meeds beyoztd t h e  h u m D  hofiever, t b y  are hifher Cor Hodel  l&lA-1 t h a n  
for model 165A-1. 

1. The s p r a y   c h a r a c t e r i s t i c E  of model  361h-1 Kere s E t i s f a c t o r y  up 
to B load correspondfnc to a f u l l - s i z e  gross  loaa of 96,OXI pounds. 

' The s x a y  t?zou,sh the rroTeller 6 o f  =ode1 I< . lA- l  ~ ~ a e  m c h  less  severe  
t h m  thrj s m a y  through  the p r o p l l e r  s 0.f model 165, and a a p - o x i m t e  1s 
the  s m  as the snray t k r o u s h  t h e  ~ r ~ e ~ l l e r s ~ ' o f . m c d e 1  l65a-1. 

2. A t  a Load. CorresnaDdinE to a f u I l - s i z e  gross load of 76,aCO 
~ o u n d s  stable. take-off's of nodel 1 t ~ i - 1  rith aeutral elevators were 
~ o s s i b l e  a t  ~ o s i t i o r s  of the center of gravi ty  aft  o f  26 oe rzen t  man  
aerod?m&ilio chord, and n f th uc e levafms at posftions o f  t h e  center of 
gravity fnrward of' 29 oerkent, The raage of s t a b l e   u o s i t i o n s  of the  
center of gravity vas fwtk:er for+ard for r;lodeI 1.6l.h-1 t u  f o r  model 
1eA-1,  and 'Lie e x t e n t  =as aqproximtsly the same. 



4. The hwrl, r e s i s t a n c e  of model. 161A-I. was ao?roximately  the s m e  
as t h a t  ,of model 165.k-1, b u t  at sTeeds &pond t he   hum,   t he   rp s i s t anc -e  
of mode 1 16u-I. was Treater t h s n  that of mode 1 l & A - l .  

AcFr oked: 

' '+Oh E. w r k i n s o c  
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TABLE I 

Node 1 Model Node 1 Model 
161 161~- 1 165 16A-1 

Hull: 
b!aximum beam, in. . . . . . . . . . .  18.76 18.76 15.75 15.75 
Beam a t  step, in. . . . . . . . . . .  18.16 18-14 15.75 15.75 
Angle of dead rise a% step, deg . . .  20 . 20 22.5 22.5 
Angle of forebody keel, deg . . 1.3 1.3 1.0 1.0 
Angle of af terbody keel ,  deg . . . .  5.1 5.0 6.25 6.35 
Length of  forebody, in. to centroid 

f o r  nodsls 165 and 165A-1 . . . . .  57.79 57.79 46.36 57.32 
Length of d te rbody,  in. t o  centroid 

f o r  models 1 6  and 165A-I . . 0 . 40.36  40.36 35.20 u.72  
Length of forebody t o  point o f  eteD,in. ---- ----- 49-39 & e 3 5  
Length of ar terbody  f rom p o i n t  of 

step, in. . . . . . . . . . . . . .  32* 17 lcO.@ 
OPer-a1 llenqth, in. . . . . . . . . .  139.50 139.50 118.50 130.90 
Length-bem ratio . . . . . . . 5.23 5.a 5.m 6.42 
Forebody-af terbody  ra t io  . . . . 1.43 1.43 1.32 1.31 
m e  of step . . . . . . . . . . . .  e m s .  ~ r a n s .  300-v 3oo-v 
Depth of step at centrofd, ps raent  

b e a m  . . . . . . . . . . . . . . .  ----- ----- 3.2 7.2 
&pth of step at kee l ,  Dement beam . 8.0 10.7 5.5 9.7 

Wing (same wing used for a l l  models) 
&ea, sq f-i; . . . .  -. . . . . . . . . . . . . . . .  27.8 
Span, in. . . . . . . . . . . . . . . . . . . . . .  172.5 
Root chord, In. . . . . . . . . . . . . . . . . . .  30.0 
Tip chard, ir?. . . . . . . . . . . . . . . . . . .  16.5 
Anglo of  wing s e t t i n g ,  d6g . . . . . . . . . . . .  3 
Length, mean aerodynamic chord, in. . . . . . . . .  24.29 

Prope l l e r s  (same propellsrs used f o r  a11 m o d s l s )  
Diameter, in. . . . . . . . . . . . . . . . . . . .  19.5 
Number of propel lers  . . . . . . . . . . . . . . .  4 
Blades per   roDeller  . . . . . . . . . . . . . . .  3 
Pitch at 3A radius, deg . . . . . . . . . . . . .  8 
Thrust l ins ,  angle t o  base line, deg . . . . . . .  0 
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FIGURE LEGENDS - Concluded 

Figure 11.- Yodel 161~-1. Speeds at whioh spray enters and clears 
the DroDellers at, various g r o s s  loads.  Bf = 20'; be = 0'; 
propeller  speed 600 rpm, 

Figure 12.- Model 1 6 ~ - 1 .  Variation of trim with speed for v a r i o u s  
e l e v a t o r   d e f l e c t i o n s   a n d  pcs i t i o r s  of the center of grhvity. 
Propeller rpm bqoo; bf = 20°; 69 = -6O.. 

(a) Ao = IL7.5 Ib 

Figure 12,- Model 16u-1. Continued 

(b) A, = 166.5 Ib 

Figure 12.- Mode 1 1.6l~-1. Concluded 

(c) A,  = 186.0 Ib 

Figure 13.- Models 16U-1. 164, and 165A-1. Variation of maximum - 
amplitude of norpoit35ni with positibn of center of gravity, 
6f = 20°. 

Figure 4.- Yodels 16U-1 and 1eA-I. Var ia t ion  of s t a b l e  range of 
oenter of g r a v i t y  n o s i t i o n s  with p o s s  load;. '6f = 20°. 

Figure 15.- Models 1611~-1, 165, and. 1&A-1. Coniparison.of t r i m  
limits of stability, bo = 147.5 pounds; 6f = 20°; u r o p e f l e r  
rpm. 6q00 . 

Figure 16,- Models 1 6 ~ - 1  and 1611-1. Free-to-triE & s i s t a n c e . w i t h o u t  
power A o &?.5 pounds 619 = 20'; csnter of gravity 28 percent 
mean aerodynarnio uhord. . .  
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Figure 1.- Mode 

.". 

FIGURE LEGEXDS 

Is 161 and 163.~-1. Side-view pho t  'ographs. 

Figure 2.- Model 16U-1, body plan. 

FSgure 3.-  Models 161 m d  161A-1. 

Figure 4.- Mode Is 16U-1 and 165. 

Figure 5. - Mode Is 161A- 1 and 165~- 1. 

Figure 6.- Models 165 and 16.5A-1. 

Figure 7.- Mode1 16~-1. Effective thrust at propeller speed 
of 6gCO rpm. Blado angle, 8 O  at 3/4 radius; trim Oo. 

Figure 8.- Model 16U-1. Aerodynamic oharacteristios w i t h  power 
o f f ;  Sf = 200; 6s = -6'. 

Figure 9.- Model 16lA-1. Aer0dyrEud.c c h a r a u t e r i s t i c s  x i t h  Dower on. .. 

Ellade angle, 8* at 314 radius; @MI rpm; 6f = Z O O ;  6, = -6O. 

Figure 10.- Node1 l61d-1. Spray ir propel le rs .  20° flaps; 00 elevator 

(a) Speed z 7.5 f p s  

Figure 10.- Node1 161A-3. Continued. 

(b) Speed = 10.0 Fps 

Figure 10.- Xodel l6L4-1. Continued. 

(a) Speed = 12.5 f p s  

Figure 10.- Model 16U-1. Continued. 

( a )  Snsed = 15.0 fpa 

Figure  10.- Model 16u-I. Continued. 

(e) Sceed = 17.5 f p s  

Figure 10.- Mode1 161~-1. Conaludod, 

(f) Speed = 20.0 h s  
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Model 161A-1 - 
Figure 1.- yode l s  161 and 161A-1. S l d e - v i w  Photographs, 

NATIONAL  ADWSORY COMMITTEE FOR AERONAUTKS 
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A, = 166.5 lb. T = 3.6O 
Power on 

A. = 186.0 l b .  T = 3 . 4 O  A. = 186.0 lb. I = S.Oo 
Power on Power o f f  

(a1 Speed = 1 . 5  fps 1cI 
Figure 10.- Model 161A-1. Spray In propel lers .  200 flaps; Oo elevator 



A. = 147.5 lb. I = 4.8' 
Power on 

A. = 166.5 lb. T = 5.1' 
power on 

A,, = 186.0 lb. I = 6.0' 
Power on 

( b J  Speed = 10.0 fpe  - 
Figure 10.- Model 161A-1. Continued. 



. , .  . , , . ,  

A0 = 186.0 l b a  c = 6.5' A, = 186.0 l b .  c = 8.0' 
Power on Power o t Z  

IC 1 Speed = 12.5 fps c 
Finure 10.- Hodel 161A-1. Continued. 
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A, = 147.5 lb. r = 7.5' 
power on 

A. = 166.5 lb. r 7.7' 
Power on 

A. = 186.0 lb. 7 = 7.7'' 
Power on 

A. = 186.0 Ib. r = 9.9' 
Power off - 

I d )  Speed = 1 5 . 0  fpa - 

Figure 10.- Model 161A-1. Continued. 
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8, = 147.5 lb, T = 8.6O 
Power on 

A. = 166.5 Ib. r = 8.8' 
Power on 

A, = 186*0 lb, r = 9.6' A, = 186.0 lb. T = 12.6' 
Power on Power o f f  

l e )  Speed = 17.5 fpB v 
& 

Figure 10.- Model 161A-1. Continued,  
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A. = 147.5 lb. T = 
power on 

I 

A. = 166.5 lb. T = 8.5' 
Power on 

bo = 186.0 lb. r = 9.5O A, = 186.0 lb. T = 12.8' 
Power on Power o f f  

(f) Speed 20.0 f p s  

Figure 10.- Model 161A-1. Concluded, - 
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